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1
COMPOSITE PARTICLE, COMPOSITE
PARTICLE DISPERSION, AND
PHOTOVOLTAIC DEVICE,

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a National Stage of International Appli-
cation No. PCT/IP2012/068630filed Jul. 23, 2012, the con-
tents of all of which are incorporated herein by reference in
their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a composite particle which
converts a low-energy light to a high-energy light, a compos-
ite particle dispersion prepared with the composite particle,
and a photovoltaic device prepared with the composite par-
ticle dispersion.

2. Description of the Related Art

A solar cell has advantages that the amount of carbon
dioxide emitted per power generation amount is small and it
is not necessary to use fuel for power generation. Therefore,
the solar cell has been hoped as an energy source to inhibit
global warming. Currently, among solar cells in practical use,
a mono-junction solar cell having a pair of p-n junction and
using a single-crystal silicon or a polycrystal silicon has
become a mainstream. In order to improve performance of the
solar cells, research and development of various types of solar
cells have been conducted.

An upconversion-type solar cell (hereinafter sometimes
referred to as “UC type solar cell”) is one of the solar cells in
which the performance can be improved. The upconversion-
type solar cell includes a wavelength conversion member
which converts long wavelength light having a low energy
and resulting in light transmission loss, to short wavelength
light having an energy which can be used with a solar cell
material (upconversion). The wavelength conversion member
includes a wavelength conversion substance which converts
the long wavelength light to the short wavelength light. As the
wavelength conversion substance, a fluorescent material
including a rare earth ion (hereinafter the fluorescent materi-
als are sometimes referred to as “rare earth phosphor”) and
the like is known.

The upconversion easily occurs in the rare earth phosphor.
However, since the band of light which can be absorbed by the
rare earth phosphor is narrow, most parts of the band of the
solar light cannot be used for the rare earth phosphor. In order
to compensate this defect, it can be considered to use a semi-
conductor quantum dot (hereinafter simply referred to as
“quantum dot”) together with the rare earth phosphor. The
quantum dot can absorb light having a wide band of solar light
spectrum, whereby it is possible to convert the light to light
which can be absorbed by the rare earth phosphor with a
relatively high efficiency.

As a technique related to such a solar cell, for example
Non-Patent Document 1 discloses a technique of using a layer
including a rare earth ion and PbS quantum dot, as a layer
upconverting long wavelength light.
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2
CITATION LIST

Non-Patent Literatures

Non-Patent Document 1: Solar Energy Materials and Solar
Cells, 2010, Vol. 94, pp. 1923-1926

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

In a case where the technique disclosed in Non-Patent
Document 1 is employed for the UC type solar cell, the
following mode can be assumed: the long wavelength light
which has passed through the light absorbing layer is
absorbed by the PbS quantum dot, whereby the PbS quantum
dot emits light which can be absorbed by the rare earth ion;
then, the rare earth ion absorbs the light twice or more; there-
fore the light absorbing layer absorbs the short wavelength
light generated from the rare earth ion to improve power
generation efficiency. However, since the light-absorbing
probability of the rare earth ion is low, each rare earth ion can
absorb photon around only once in several seconds. In order
for the rare earth ion to have the upconversion, it is needed,
while electrons are in a state of transition from the ground
state by absorbing energy, to absorb the following energy to
transit the electrons to a higher energy state. Here, it is con-
sidered that the time period for which the electrons transited
to the excited state in the rare earth ion can exist is approxi-
mately for 20 ms at most. Considering this, with the technique
disclosed in Non-Patent Document 1, it is considered that
most of the electrons transited to the excited state by absorb-
ing energy lose energy before absorbing the following energy,
and as a result, the upconversion hardly occurs. As described
above, it is difficult to improve the efficiency of generating the
upconversion (hereinafter the efficiency is simply referred to
as “upconversion efficiency”) and improve the power genera-
tion efficiency of the UC type solar cell, only by simply
containing the quantum dot and the rare earth ion to a same
layer.

Accordingly, an object of the present invention is to pro-
vide a composite particle which can improve the upconver-
sion efficiency, a composite particle dispersion prepared with
the composite particle, and a photovoltaic device prepared
with the composite particle dispersion.

Means for Solving the Problems

In order to improve the upconversion efficiency of the rare
earth ion, it is needed, while the electrons that are transited to
a first excited state with the energy absorbed by the rare earth
ion exist, to transit the electrons existing at a first excited state
to a second excited state having a higher energy, with the
energy further absorbed by the rare earth ion. As a result of an
intensive study, the inventor of the present invention has
found out that: it is effective to arrange a quantum dot having
a higher light-absorbing probability than that of the rare earth
ion to the circumference of the rare earth ion close by, to
thereby transfer the energy of the excited electrons excited by
light absorption in the quantum dot to the rare earth ion, by
dipole-dipole interaction. Further, the inventor has found out
that the upconversion efficiency of the rare earth ion can
become easy to be improved by limiting the number of rare
earth ions to absorb light energy, compared to the number or
volume of quantum dots to emit light energy, to thereby
increase the frequency of the absorption of light energy. The
present invention has been made based on the above findings.
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In order to solve the above problems, the present invention
takes the following means. Namely, a first aspect of the
present invention is a composite particle including: a core
member including: a rare earth ion which shows an upcon-
version effect; and a retaining material which retains the rare
earth ion; and a semiconductor member covering a part or all
of the surface of the core member, wherein the retaining
material includes a semiconductor material having a band gap
greater than energy difference necessary for a second step
excitation in the rare earth ion to occur, or an insulating
material; and the semiconductor member includes a semicon-
ductor material having a band gap smaller than energy difter-
ence between a first excited state and a ground state of the rare
earth ion.

Here, in the first aspect and other aspects of the present
invention that are described below (hereinafter these aspects
are sometimes collectively and simply referred to as “the
present invention™), the expression “rare earth ion which
shows an upconversion effect” means a rare earth ion which
can absorb energy more than once to emit a higher energy
light than the energy absorbed each time. More specifically,
for example, the expression means a rare earth ion which can:
make the electrons in the ground state (4f orbital. The same is
applied hereinafter) transit to the first excited state by absorb-
ing energy; thereafter make the electrons at the first excited
state transit to the second excited state having higher energy
by absorbing energy; thereafter emit one photon having the
same energy as the energy difference between the second
excited state and the ground state, when the electrons tran-
sited to the second excited state directly return to the ground
state. Other than this, the “rare earth ion which shows an
upconversion effect” of the present invention can include a
rare earth ion which can emit one photon of the energy which
is lost from the electron excited for three times or more, when
the electron loses the energy. Also, in the present invention,
the expression “a second step excitation in the rare earth ion
to occur” means, by making the electrons transited to the first
excited state of the rare earth ion absorb the energy, to per-
form transition of the electrons in the first excited state to the
second excited state having higher energy. Also, in the present
invention, the expression “energy difference necessary for a
second step excitation in the rare earth ion to occur” means
the energy difference between the second excited state and
the ground state.

By having a configuration in which the surface of the core
member including the rare earth which shows the upconver-
sion effect (hereinafter the rare earth ion is sometimes
referred to as “activator”) is covered by the semiconductor
member emitting the energy which can be absorbed by the
activator, it is possible to allow the rare earth ion which shows
the upconversion effect and the semiconductor material to
exist close to each other. Whereby, energy transfer from the
semiconductor member to the rare earth ion is promoted.
Also, by having a configuration in which the semiconductor
member covers the surface of the core member, it is easy to
limit the amount of the rare earth ion which shows the upcon-
version effect by mole to a certain amount or less. This con-
figuration makes it easy to concentrate the energy from the
semiconductor member to the specific rare earth ion which
shows the upconversion effect, while the electrons exist in the
first excited state of the rare earth ion which shows the upcon-
version effect, whereby it is possible to improve the upcon-
version efficiency.

Also, in the first aspect of the present invention, a part or all
of the surface of the semiconductor member can be covered
by a semiconductor material having a band gap greater than
the band gap of the semiconductor material included in the
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semiconductor member, or by an insulating material. This
configuration inhibits the energy of the electron excited in the
semiconductor member by absorbing light from being lost on
the surface of the semiconductor member. As a result, the
energy is transferred from the semiconductor member to the
rare earth ion which shows the upconversion effect with a
high efficiency, whereby it becomes easy to improve the
upconversion efficiency.

Also, in the first aspect of the present invention, it is pref-
erable that X/Y=1/100 wherein X is amount of the rare earth
ion included in the core member by mole, and Y is amount of
the semiconductor material included in the semiconductor
member by mole. This configuration makes it easy to concen-
trate the energy to transfer from the semiconductor member to
each activator, whereby the frequency for each activator to
absorb energy is increased. As a result, the electrons in
excited state also can absorb, before losing the energy, the
next energy, whereby the upconversion becomes easy to
occur. By making it easy for the rare earth ion which shows
the upconversion effect to absorb the energy, it becomes easy
to improve the upconversion efficiency.

Also, in the first aspect of the present invention, the core
member can include Er ion as the rare earth ion. This con-
figuration also makes it possible to improve the upconversion
efficiency.

Also, inthe first aspect of the present invention in which the
core member includes Er ion, the core member and/or the
semiconductor member preferably includes Yb ion. By using
Erion and Yb ion in combination, it becomes easy to transfer
the energy from the semiconductor member to Er ion viaYb
ion. Therefore, this configuration makes it easy to improve
the upconversion efficiency.

A second aspect of the present invention is a composite
particle dispersion including a supporting material, and the
composite particle according to the first aspect of the present
invention, wherein the surface of the composite particle is
modified by a ligand, and the composite particle is dispersed
in the supporting material and is supported by the supporting
material.

Here, the term “supporting material” means a substance
which can disperse a plurality of composite particles there-
inside and can transmit light. In the second aspect and the
other aspects of the present invention described below, as the
supporting material, for example a transparent resin, a trans-
parent liquid and the like can be used. By dispersing the
plurality of composite particles according to the first aspect of
the present invention inside the supporting material, it is
possible to obtain the composite particle dispersion including
the plurality of composite particles. Since the composite par-
ticles according to the first aspect of the present invention can
improve the upconversion efficiency, it is possible to obtain
the composite particle dispersion which can improve the
upconversion efficiency, by having this configuration.

Also, in the second aspect of the present invention, the
composite particle dispersion can further include a quantum
dot dispersed in the supporting material, wherein the quantum
dot does not include a rare earth ion which shows the upcon-
version effect. By arranging the quantum dot which does not
include a rare earth ion which shows the upconversion effect
to the circumference of the composite particle, it becomes
possible to transfer the energy absorbed by the surrounding
quantum dot to the composite particle. Therefore, this con-
figuration makes it easy to improve the upconversion effi-
ciency.

Also, in the second aspect of the present invention, the
composite particle dispersion can further include a metal fine
particle in the supporting material. Here, the term “metal fine
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particle” means a particle made of metal and having a diam-
eter of around no less than several nm and no more than
several tens nm. The intensity of light increases at the circum-
ference of the metal fine particle because of the effect of
surface plasmon resonance. Therefore, by arranging the
metal fine particles to the circumference of the composite
particle close to the composite particle, it becomes easy for
the semiconductor member of the composite particle to
absorb the light energy, whereby it becomes easy to improve
the upconversion efficiency.

Also, in the second aspect of the present invention, the
composite particle dispersion can include a metal member in
contact with the surface of the supporting material. By mak-
ing the surface of the supporting material have contact with
the metal, it becomes possible to improve the upconversion
efficiency of the composite particle existing close to the
metal. Therefore, this configuration makes it easy to improve
the upconversion efficiency of the composite particle disper-
sion.

A third aspect of the present invention is a photovoltaic
device including: a photoelectric conversion member which
converts light energy to electricity; a wavelength conversion
member including the composite particle dispersion accord-
ing to the second aspect of the present invention; and a light
reflecting member, wherein the photoelectric conversion
member, the wavelength conversion member, and the light
reflecting member are arranged in the order mentioned from
the upstream side of a light propagation direction.

Here, in the third aspect and other aspects of the present
invention described below, the term “photovoltaic device”
means a device which takes out the electricity generated by
absorbing light. For example the photovoltaic device includes
a solar cell and the like. Since the composite particle disper-
sion according to the second aspect of the present invention
can improve the upconversion efficiency, by employing the
composite particle dispersion to the photovoltaic device, it
becomes possible to obtain the UC type solar cell in which
power generation efficiency is improved.

A fourth aspect of the present invention is a photovoltaic
device including: a photoelectric conversion member which
converts light energy to electricity; and a wavelength conver-
sion member including the composite particle dispersion
according to the second aspect of the present invention,
wherein the photoelectric conversion member and the wave-
length conversion member are arranged in the order men-
tioned from the upstream side of a light propagation direc-
tion; and the supporting material is arranged between the
metal member and the photoelectric conversion member.

The fourth aspect of the present invention corresponds to a
configuration in which the metal member is used for the light
reflecting member according to the third aspect of the present
invention. By using the metal member for the light reflecting
member, it becomes easy to improve the upconversion effi-
ciency of the composite particle existing close to the metal, by
the effect of surface plasmon resonance. Therefore, this con-
figuration makes it possible to obtain the UC type solar cell in
which the power generation efficiency is improved.

Effects of the Invention

According to the present invention, it is possible to provide
a composite particle which can improve the upconversion
efficiency, a composite particle dispersion prepared with the
composite particle, and a photovoltaic device prepared with
the composite particle dispersion.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view to explain a composite particle 10;

FIG. 2 is a view to explain a transfer form of the energy in
the composite particle 10;

FIG. 3 is a view to explain a composite particle dispersion
30,

FIG. 4 is a view to explain a composite particle dispersion
40;

FIG. 5 is a view to explain a composite particle dispersion
50,

FIG. 6 is a view to explain a composite particle dispersion
60;

FIG. 7 is a view to explain a voltaic device 100;

FIG. 8 is a view to explain a voltaic device 200.

DETAILED DESCRIPTION OF THE INVENTION

Since the light-absorbing probability of the rare earth ion is
low, the energy in a state of light is difficult to be absorbed by
the activator. In contrast, by adding energy by means of
dipole-dipole interaction, it becomes possible to increase the
probability of the activator to absorb the energy. Here, in a
case where the distance between the quantum dot and the
activator is no more than 10 nm, it becomes easy for energy to
transfer from the quantum dot to the activator by the dipole-
dipole interaction. This dipole-dipole interaction is occurred
in inverse proportion to the sixth power ofthe distance. There-
fore, if the quantum dot and the activator become closer to
each other, the energy transfer probability is rapidly
increased. Therefore, in order to improve the upconversion
efficiency in the activator, it is effective to arrange the quan-
tum dot and the activator such that the distance between them
is no more than 10 nm.

In this system in which the activator and the quantum dot
are positioned close to each other, defining the lifetime of the
electron excited in the activator as T,, the number of the
activator existing close to one quantum dot as N,,,. and the
average time interval of the quantum dot to absorb light as
Aty the condition in which the upconverison occurs in the
activator is represented by the following Formula (1).

/N> >Alop 1

It should be noted that the value obtained by dividing At,,,, by
the quantum yield ®,, obtained by dividing the number of
photons generated by the upconversion in the quantum dot by
the number of photons entered in the quantum dot is nearly
the average time interval of the quantum dot to emit the
energy.

Also, defining the volume of the quantum dot as V,,, the
flow of photon from solar light per unit dimension and per
unit time as N, ..,, the light absorption coefficient of the
quantum dot as 0., and the quantum yield of photo lumi-
nescence light emitting of the quantum dot as ®,,, the fol-
lowing Formula (2)

@

is satisfied. Therefore, the following Formula (3) is obtained
from the above Formulas (1) and (2).

A1, > >Ny, (Vop Nohoron Con Ppr)

Ator~U(Vop Npnoron' 0op @pr)

®

From the above Formula (3), it can be said that having a
large light absorption coefficient of the quantum dot and
having a large volume (number of mole) of the quantum dot
are advantageous for improving the upconversion efficiency
in the activator, whereby it can be said that the number of the
activator needs to be controlled/inhibited so as not to be
increased too much.
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In most rare earth phosphors, the upconversion intensity
I, defined by the proportion of the intensity of excitation
light to the intensity of incident light is directly proportional
to a power (n power: n>2) of the intensity of incident light, in
a case where the intensity I, of incident light is weak. In a
case where the energy absorbed by the quantum dot is forc-
ibly added to the activator by means of the dipole-dipole
interaction, the energy absorbed by the quantum dot accord-
ing to the intensity I, of incident light transfers to each acti-
vator existing to circumference of the quantum dot, so that the
energy is distributed to each activator. The transfer of the
energy to each activator is considered to occur in inverse
proportion to the number of the activator. Therefore, the fol-
lowing Formula (4) is satisfied.

Ty Npx (L) N, ) (N Y =N, (©)]

From the above Formula (4), since n>2, it is considered that
it is possible to increase the upconversion intensity I, by
reducing the number of the activator comparing to the number
of'the quantum dot (or by reducing the number of the activator
existing close to one quantum dot).

If it is hoped to obtain the UC type solar cell in which the
power generation efficiency is improved, by allowing the
absorbing layer to absorb the light (excitation light) generated
by the upconversion, not only increasing the frequency of the
upconversion (upconversion efficiency) but also increasing
the intensity of the excitation light is important. This can be
attained by collecting the solar light.

The inventor of the present invention has been made the
present invention based on the above ideas. Hereinafter, the
embodiments of the present invention are explained with
reference to the drawings. Some of repeated reference numer-
als in the following drawings are omitted. It should be noted
that the embodiments shown below is examples of the present
invention and the present invention is not limited to the
embodiments.

1. Composite Particles

FIG. 1 is a view to explain the composite particle 10 of the
present invention. The composite particle 10 shown in FIG. 1
includes a core member 11, a semiconductor member 12
which covers the surface of the core member 11, and a shell
member 13 which covers the surface of the semiconductor
member 12. The core member 11, the semiconductor member
12, and the shell member 13 are arranged concentrically.

The core member 11 includes a rare earth ion (activator
11a, 11a, . . . ) which shows the upconversion effect and a
retaining material which retains the activator 11a, 11aq, . . . in
a state of being dispersed. The retaining material 115 is a
semiconductor material and its band gap Eg11 is wider than
the energy difference between the second excited state and
the ground state of the activator 11a, 11a, . . . . In the com-
posite particle 10, the diameter of the core member 11 is
approximately no more than 5 nm.

The semiconductor member 12 is a portion corresponding
to the conventional quantum dot and includes a semiconduc-
tor material. The semiconductor material of the semiconduc-
tor member 12 has a band gap of Eg12 which is narrower than
the energy difference between the first excited state and the
ground state of the activator 11a, 11a, . . . . Discrete quantum
levels are formed on the conductive band side and the valence
band side of the semiconductor material. The semiconductor
member 12 can absorb light having energy same as or greater
than the band gap Egl12. The thickness and material of the
semiconductor member 12 are adjusted such that the energy
difference Egql2 between the quantum level positioned clos-
est to the conduction band among the quantum levels formed
on the conduction band side and the quantum level positioned
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on a side closest to the valence band among the quantum
levels formed on the valence band side becomes an energy
which can be absorbed by the activator 11qa, 11a, . . . . Inthe
composite particle 10, the thickness of the semiconductor
member 12 is less than 10 nm. Hereinafter, the quantum level
positioned closest to the conduction band among the quantum
levels formed on the conduction band side is sometimes
referred to as “the first quantum level on the conduction band”
and the quantum level positioned closest to the valence band
among the quantum levels formed on the valence band side is
sometimes referred to as “the first quantum level on the
valence band side”.

The shell member 13 includes a semiconductor material.
The band gap Egl3 of the semiconductor material is wider
than Egq12. In the composite particle 10, the thickness of the
shell member 13 is no more than several nm.

FIG. 2 is a view to explain the transfer form of the energy
in the composite particle 10. In FIG. 2, to the same structure
as those in the composite particle 10 shown in FIG. 1, the
same reference numerals as those used in FIG. 1 are given and
the explanation thereof is arbitrarily omitted. In FIG. 2, the
closed circle indicates an electron and the opened circle indi-
cates a hole. The linear dashed arrow indicates the energy
transfer from the semiconductor member 12 to the activator
11a.

When light reaches the composite particle 10, light which
was not absorbed by the shell member 13 since the energy is
less than Egl3 reaches the semiconductor member 12. The
semiconductor member 12 can absorb light having energy of
no less than Egql2. For example, when the semiconductor
member 12 absorbs light having energy of Egql2, electrons
are excited from the valence band of the semiconductor mate-
rial included in the semiconductor member 12, then the elec-
trons starts to exist in the first quantum level on the conduc-
tion band side, whereby holes start to exist in the first quantum
level on the valence band side.

In the composite particle 10, the core member 11 exists
inside the semiconductor member 12, and the core member
11 includes the activator 11a, 11a, . . . . The thickness of the
semiconductor member 12 is less than 10 nm, and the diam-
eter of the core member 11 is approximately no more than 5
nm. Therefore, the distance between the portion where the
electrons excited because of light absorption in the semicon-
ductor member 12 and the activator 11a can be set as less than
10 nm. By allowing the semiconductor material of the semi-
conductor member 12 and the activator 11a to have the dis-
tance as described above, the energy of the semiconductor
material of the semiconductor member 12 can transfer to the
activator 11a by means of the dipole-dipole interaction. As
described above, Egql2 is adjusted to be the energy which
can be absorbed by the activator 11a. Therefore, the energy
absorbed by the semiconductor member 12 can be absorbed
by the activator 11a by transferring by means of the dipole-
dipole interaction. When the activator 11a absorbs the energy
as above, the electrons transit from the ground state to the first
excited state of the activator 11a. On the other hand, in the
semiconductor material of the semiconductor member 12
which has given energy to the activator 11a, the electrons
which used to exist in the first quantum level on the conduc-
tion band side lose its energy.

In the composite particle 10, the energy absorbed by the
semiconductor member 12 transfers to the activator 1la,
11aq, . .. with the above embodiment. In the composite particle
10, since the activator 11a, 11a, . . . exists close to the semi-
conductor material of the semiconductor member 12, the
energy can easily transfer from the semiconductor member
12 to the activator 11a, 11a, . . . . Therefore, the activator 11a,
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11a, . . . easily absorb the next energy while the electrons
transited from the ground state to the first excited state exist.
When the activator 11a, 11a, . . . having the electron transited
to the first exited state absorbs the energy, it is possible to
transit the electrons existing in the first exited state to the
second excited state having higher energy. The electrons
excited to the second excited state can emit light (excitation
light) equivalent to the energy difference between the second
excited state and the ground state, when directly returning to
the ground state. In the composite particle 10, the upconver-
sion occurs in the activator 11a, 11a, . . . with the above
process.

The core member 11 including the activator 11a, 11a, . . .
and the semiconductor member 12 including the semiconduc-
tor material are in contact with each other in the composite
particle 10. Therefore, it is possible to arrange the semicon-
ductor material of the semiconductor member 12 and the
activator 11a, 11a, . . . close to each other. Further, by adjust-
ing the diameter of the core member 11 and the thickness of
the semiconductor member 12, it is possible to arrange the
semiconductor material of the semiconductor member 12 and
the activator 11a, 11a, . . . having a distance in which the
energy can transfer by means of the dipole-dipole interaction.
If the light absorbed by the quantum dot is converted to light
having other energy and emitted as before, since the light-
absorbing probability of the rare earth ion is low, it is difficult
to improve the upconversion efficiency. In contrast, according
to the composite particle 10 which transfers energy by means
of the dipole-dipole interaction, since the activator 1la,
11a, . . . easily absorbs the energy, it is easy to generate the
upconversion in the activator 11a, 11aq, . . . .

Further, in the composite particle 10, the semiconductor
member 12 is arranged so as to cover the surface of the core
member 11 including the activator 11a, 11a, . . . . By having
this arrangement, it becomes easy to decrease the amount of
the activator 11a, 11a, . . . than the amount of the semicon-
ductor material of the semiconductor member 12. By keeping
down the amount of the activator 11a, 11a, . . . , it becomes
possible to increase the frequency of transfer of the energy
from the semiconductor member 12 to each of the activator
11a, 11a, . . . whereby it becomes easy for the activator 11a,
11a, ... having the electrons transited to the first excited state
to absorb the energy. As a result, it becomes possible to
improve the upconversion efficiency. In contrast, if a layer
including the activator covers the surface of the semiconduc-
tor material, it is needed to thinly make the layer including the
activator, in order to keep down the amount of the activator. If
a layer including a small amount of the activator enough to
improve the upconversion efficiency is formed on the surface
of'the semiconductor material having a size enough to absorb
a sufficient amount of energy to transfer to the activator, it is
needed to extremely thinly form the layer including the acti-
vator. If the layer including the activator is extremely thinly
formed on the surface of the semiconductor material, the
activator close to the surface easily lose its energy, whereby it
can be difficult for the upconversion to occur. Therefore, in
view of having a configuration in which the upconversion
efficiency is easy to be improved, it is preferable that the
semiconductor member 12 is arranged so as to cover the
surface of the core member 11 including the activator 11a,
11a, . . ., as in the composite particle 10.

In addition, by arranging the semiconductor member 12 so
as to surround the core member 11 including the activator
11a, 11a, . . ., the semiconductor material which absorb light
can surround the activator 11a, 11a, . . . . In the composite
particle 10, since the semiconductor material of the semicon-
ductor member 12 and the activator 11qa, 11a, . . . are arranged
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close to each other, it is possible to transfer the energy from
the semiconductor material existing in the circumference of
the activator 11q, 11a, . . . to the activator 11q, 11a, . . ., by
means of the dipole-dipole interaction. That is, in the com-
posite particle 10, it is possible to collect the energy absorbed
by the semiconductor material of the semiconductor member
12 arranged to the circumference of the activator 1la,
11aq, . . . to the activator 11a, 11a, . . . arranged inside the
semiconductor material. By collecting energy to the activator
11a, 11a, . . . in this way, not only it becomes possible to
improve the upconversion efficiency in the activator 11a,
11aq, ..., butalso it becomes possible to increase the intensity
of the excitation light generated by the upconversion.

Also, in the semiconductor member 12, the electrons and
holes can exist at different places. Therefore, in the composite
particle 10 in which the semiconductor member 12 is
arranged so as to cover the core member 11 including the
activator 11a, 11a, . . ., the activator 11a, 11a, . . . can be
sandwiched by the electrons and holes existing at different
places in the semiconductor member 12. With this state, the
activator 11a, 11a, . . . is subjected to a strong electric field,
and the dipole-dipole interaction becomes stronger. Whereby,
the probability of the energy transfer from the semiconductor
member 12 to the activator 11a, 11a, . . . is increased. If the
probability of the energy transfer from the semiconductor
member 12 to the activator 11a, 11a, . . . is increased, the
upconversion becomes easy to occur in the activator 11a,
11a, . ... Therefore, according to the composite particle 10, it
is possible to improve the upconversion efficiency.

In the composite particle 10, a known rare earth ion which
shows the upconversion effect can be used for the activator
11a. Examples of the rare earth ion include one or more
selected from the group consisting of Er, Tm, Dy, and Eu.

Also, for the retaining material 115 which retains the acti-
vator 11a, 11a, . . . in a state of being dispersed, a known
semiconductor material having a wider band gap than the
energy difference between the second excited state and the
ground state of the activator 11a can be adequately used.
Examples of the semiconductor material include oxides such
as'Y,0;, YAIO,, YAG, fluorides such as NaYF,,, nitrides such
as AIN, GaN, SiAION, in a case Yb is not included, sulfides
such as ZnS, ZnMgS. Additionally, insulation materials can
be used for the retaining material of the core member in the
composite particle of the present invention.

In the core member 11, the amount of the activator 11a to
be dispersed in the retaining material 115 by mole is not
particularly limited. However, in view of having a configura-
tion in which the upconversion efficiency is easy to be
improved, and in view of having a configuration in which the
upconversion intensity is easy to be increased, it is preferable
that the amount of the activator 11a by mole is kept small.
More specifically, preferably X/Y=1/100, wherein X is the
amount ofthe activator 11a by mole andY is the amount of the
semiconductor material to be used for the semiconductor
member 12 by mole.

The producing method of the core member 11 is not par-
ticularly limited, and the core member 11 can be produced by
means of a known production method of a quantum dot. The
core member 11 can be produced by using a raw material
solution in which the activator 11a, 11a, . . . is dispersed in the
retaining material 115 in a liquid form and by means of hot
injection method, coprecipitation method, thermal decompo-
sition method, solvothermal method, sol-gel method and the
like.

In addition to the activator 11a, 11a, . . . and the retaining
material 115, the core member 11 can also include a rare earth
ion which helps the energy to transfer from the semiconductor
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member 12 to the activator 11a, 11a, . . . (hereinafter the rare
earth ion is sometimes referred to as “sensitizer”). Examples
of'the rare earth which can be used as the sensitizer include Yb
and the like.

Also, for the semiconductor material of the semiconductor
member 12, aknown semiconductor material whose band gap
is smaller than the energy difference between the first excited
state and the ground state of the activator 1la can be
adequately used. Examples of the semiconductor material
include CdSe, PbS, InN, and chalcopyrite-based semicon-
ductor material represented by Cu,SnS; and the like.

The semiconductor member 12 can be produced in the
same manner as the core member 11: that is, after producing
the core member 11 by the above method, the core member 11
is separated from the liquid; next, the separated core member
11 is put in the semiconductor material (the semiconductor
material to form the semiconductor member 12) in a fluidi-
zation state; thereafter, by carrying out hot injection method,
coprecipitation method, thermal decomposition method, sol-
vothermal method, sol-gel method or the like, the semicon-
ductor member 12 can be produced on the surface of the core
member 11.

The semiconductor member 12 can further include a simi-
lar sensitizer to the sensitizer which can be included in the
core member 11. Even if a same sensitizer is dispersed in the
core member 11 and the semiconductor member 12, for
example Yb is difficult to receive an effect from the crystal
field, whereby there is no large difference in energy level
between the Yb in the core member 11 and Yb in the semi-
conductor member 12. Therefore, it becomes possible to
immediately transfer the energy from the semiconductor
member 12 to the activator 11a, 11aq, . . . .

Also, a known semiconductor material having a wider
band gap than Egql2 can be adequately used for the shell
member 13. Examples of the semiconductor material include
7Zn0, 7ZnS, Y ,0;, NaYF, and the like. Other than these, in the
composite particle of the present invention, insulating mate-
rials can be used for the shell member.

The shell member 13 can be produced in the same manner
as the core member 11 and the semiconductor member 12:
that is, after producing the semiconductor member 12, the
semiconductor member 12 containing the core member 11
(hereinafter the semiconductor member is simply referred to
as “semiconductor member 12”) is separated from the fluid;
next, the separated semiconductor member 12 is put inside
the semiconductor material (the semiconductor material to
configure the shell member 13) in a fluidization state or an
insulation material; thereafter, by carrying out hot injection
method, coprecipitation method, thermal decomposition
method, solvothermal method, sol-gel method or the like, the
shell member 13 can be produced on the surface of the semi-
conductor member 12.

In the composite particle 10 produced as above, the inten-
sity of excitation light can be confirmed during the semicon-
ductor member 12 is produced. This makes it possible to
identify the thickness of the semiconductor member 12 with
which the intensity of the excitation light becomes strong. By
determining the thickness of the semiconductor member 12
while confirming the intensity of the excitation light, it
becomes possible to adjust the energy Egql2 of the semicon-
ductor member 12 to the absorption energy of the activator
11a, 11a, . . . whereby it becomes easy to improve the upcon-
version efficiency and the upconversion intensity.

In the above explanation regarding the present invention,
the composite particle 10 having a configuration in which the
shell member 13 is arranged outside the semiconductor mem-
ber 12 is exemplified. However, the present invention is not
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limited to this configuration. The composite particle of the
present invention can have a configuration in which the shell
member is not included, depending on the semiconductor
material forming the semiconductor member 12. The com-
posite particle of the present invention can have this configu-
ration because the medium positioned to the circumference of
the composite particle (for example, in a case where the
composite particle of the present invention is dispersed in a
supporting material, the medium is the supporting material)
can have a role of the shell member, that is, a role of not
allowing the electrons to transfer outside and a role of reduc-
ing the defect on the surface where is to be the center of
non-radiative recombination of electron and hole, depending
on the semiconductor material to form the semiconductor
member 12.

2. Composite Particle Dispersion

FIG. 3 is a view to explain the composite particle disper-
sion 30 of the present invention. In FIG. 3, to the same
structure as those in the composite particle 10 shown in FIG.
1, the same reference numerals as those used in FIG. 1 are
given and the explanation thereof is arbitrarily omitted. In
FIG. 3, the composite particle 10, 10, . . . is shown being
simplified.

The composite particle dispersion 30 shown in FIG. 3
includes the composite particle 10, 10, . . . and the supporting
material 31 to disperse the composite particle 10, 10, . ... A
ligand 20, 20, . . . modifies the surface of the composite
particle 10. The supporting material 31 is a transparent resin,
and the ligand 20 is preferably an amine-based organic sub-
stance having amino group. The composite particle 10,
10, .. . whose surface is modified by the ligand 20, 20, . . . can
bedispersed inside the transparent resin in a fluidization state.
That is, the composite particle dispersion 30 is produced by
going through the process of: dispersing the composite par-
ticle 10, 10, . . . whose surface is modified by the ligand 20,
20, ... inthetransparent resin in a fluidization state; thereafter
soliditying the obtained material.

As described above, the composite particle 10, 10, . . . can
improve the upconversion efficiency better than the conven-
tional substance prepared with rare earth phosphor and can
increase the upconversion intensity. Therefore, by having a
configuration shown in FIG. 3, it is possible to provide the
composite particle dispersion 30 which can improve the
upconversion efficiency and the upconversion intensity.

Inthe composite particle dispersion 30, as the amine-based
organic substance having amino group used for the ligand 20
which modifies the surface of the composite particle 10,
10, . . ., dodecylamine, hexadecylamine, octylamine and the
like can be exemplified. Other than these, in the composite
particle dispersion of the present invention, as the ligand
which modifies the surface of the composite particle to be
dispersed inside the transparent resin, thiol-based organic
substances such as dodecanethiol, hexadecanethiol, and ben-
zenethiol can be used.

Also, as the supporting material 31 holding the composite
particle 10, 10, . . . in a state of being dispersed in the sup-
porting material 31, a known transparent resin which can
make light reach the composite particle 10, 10, . . . can be
adequately used. As the transparent resin, polystyrene,
acrylic resin and the like can be exemplified.

In the above explanation regarding the composite particle
dispersion 30 according to the first aspect of the present
invention, a configuration in which the transparent resin is
used as the supporting material 31 to disperse the composite
particle 10, 10, . . . is explained. However, the composite
particle dispersion of the present invention is not limited to
this configuration. The supporting material to disperse the
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composite particle may be a solar solvent such as water or
may be a non-polar solvent such as toluene and chloroform.
Ina case where the composite particle of the present invention
is dispersed in a polar solvent such as water, as the ligand
which modifies the surface of the composite particle of the
present invention, for example, thioglycolic acid, ethanola-
mine and the like having thiol group or amine group that
coordinate to the surface of the particle, and having acid
group or amine group that have a high affinity for polar
solvent positioned opposite from the thiol group or amine
group can be used. Also, in a case where the composite
particle of the preset invention is dispersed in the non-polar
solvent such as toluene and chloroform, as the ligand which
modifies the surface of the composite particle of the present
invention, for example, dodecanethiol, hexadecanethiol, and
benzenethiol and the like having thiol group, amine group, or
acetic acid group that coordinate to the surface of the particle,
and having hydrocarbon group having a high affinity for
non-polar solvent positioned opposite from the thiol group,
amine group, or acetic acid group can be used.

FIG. 4 is a view to explain the composite particle disper-
sion 40 of the present invention. In FIG. 4, to the same
structure as those in the composite particle dispersion 30
shown in FIG. 3, the same reference numerals as those used in
FIG. 3 are given and the explanation thereof is arbitrarily
omitted. The composite particle dispersion 40 shown in FIG.
4 includes the composite particle 10, 10, . . . whose surface is
modified by the ligand 20, 20, . . . and a quantum dot 41,
41, ... whose surface is modified by the ligand 20, 20, . . . that
are dispersed in the supporting material 31. The quantum dot
41 is configured in the same manner as in the composite
particle 10 except that the core member 11 is not included in
the quantum dot 41. As shown in FIG. 4, the quantum dot 41,
41, . . . is dispersed in the circumference of the composite
particle 10 of the composite particle dispersion 40. By arrang-
ing the quantum dot 41, 41, . . . close (for example a distance
approximately no more than 10 nm) to the composite particle
10, it becomes possible to transfer the energy absorbed by the
quantum dot 41, 41, . . . to the composite particle 10, by means
of'the dipole-dipole interaction. Also, by arranging the quan-
tum dot 41, 41, . . . such that the distance between the com-
posite particle 10 and the quantum dot 41, 41, . . . is farther
than 10 nm, it becomes possible to make the composite par-
ticle 10 absorb the excitation light emitted from the quantum
dot 41, 41, . . . . Both configurations can concentrate the
energy absorbed by the quantum dot 41, 41, . . . to the semi-
conductor member 12 of the composite particle 10, whereby
it becomes possible to increase the energy which can be
absorbed by the semiconductor member 12. By making it
possible for the semiconductor member 12 to absorb much
energy, it becomes possible to increase the energy intensity to
transfer to the core member 11, whereby it becomes possible
to increase the upconversion intensity by the activator 11a,
11a, . . . . Therefore, according to the composite particle
dispersion 40 in which the quantum dot 41,41, . . . is dispersed
together with the composite particle 10, 10, . . ., it is possible
to increase the upconversion intensity in the composite par-
ticle 10, 10, . . ..

If it is possible to disperse the quantum dot 41,41, ...ina
liquid with a high concentration, a similar effect as that of the
composite particle dispersion 40 can be expected even in a
case where a liquid is used for the supporting material. How-
ever, the maximum concentration of the quantum dot 41,
41, . . . which can be dispersed in the liquid tends to be lower
than the maximum concentration of the quantum dot 41,
41, . . . which can be dispersed in the transparent resin.
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Therefore, in a case where the composite particle dispersion
includes the supporting material in which the quantum dot
configured in the same manner as in the composite particle of
the present invention except that the core member is not
included is dispersed together with the composite particle of
the present invention, it is possible to use the transparent resin
for the supporting material.

As in the composite particle 10, 10, . . ., a sensitizer can be
added to the quantum dot 41, 41, . . . . For example, by adding
a sensitizer to the quantum dot 41, 41, . . . and the composite
particle 10,10, . . ., the energy becomes easy to transfer inside
the quantum dot 41, between the quantum dot 41 and the
composite particle 10, and inside the composite particle 10,
whereby it becomes easy to increase the upconversion inten-
sity.

FIG. 5 is a view to explain the composite particle disper-
sion 50 of the present invention. In FIG. 5, to the same
structure as those in the composite particle dispersion 40
shown in FIG. 4, the same reference numerals as those used in
FIG. 4 are given and the explanation thereof is arbitrarily
omitted.

The composite particle dispersion 50 shown in FIG. 5 is
configured in the same manner as in the composite particle
dispersion 40 except that a metal fine particle 51, 51, . . . is
dispersed inside the supporting material 31, instead of the
quantum dot 41, 41, . . . in the composite particle dispersion
40. That is, in the composite particle dispersion 50, the metal
fine particle 51, 51, . . . is dispersed to the circumference of the
composite particle 10. At the circumference (for example, an
area having distance from the metal fine particle 51 of
approximately no more than 100 nm) of the metal fine particle
51 configured by gold or silver and having a diameter of no
less than several nm and no more than several tens nm, the
light intensity is increased because of the effect of the surface
plasmon resonance. Therefore, by dispersing the composite
particle 10, 10, . . . and the metal fine particle 51, 51, . . . in the
supporting material 31 such that the distance between the
composite particle 10, 10, . . . and the metal fine particle 51,
51,...1isno more than 100 nm, it becomes possible to increase
the intensity of the light to be absorbed by the composite
particle 10, 10, . . . . By increasing the intensity of the light to
be absorbed by the composite particle 10, 10, . . . as described
above, it becomes possible to increase the intensity of the
energy to transfer to the core member 11, 11, . . ., whereby it
becomes possible to increase the upconversion intensity by
the activator 11a, 11a, . . . . Therefore, according to the
composite particle dispersion 50 in which the metal fine par-
ticle 51, 51, . . . is dispersed together with the composite
particle 10, 10, . . . , it becomes possible to increase the
upconversion intensity in each of the composite particle 10,
10,....

In the explanation regarding the composite particle disper-
sion of the present invention prepared with the metal fine

particle 51, 51, . . ., a configuration in which the metal fine
particle 51, 51, . . . is used instead of the quantum dot 41,
41, . . . is described. However, the composite particle disper-

sion of the present invention is not limited to this configura-
tion. The composite particle dispersion of the present inven-
tion can have a configuration in which a quantum dot
configured in the same manner as in the composite particle of
the present invention except that it does not include the core
member, and the metal fine particle are dispersed in the sup-
porting material. This configuration also can provide a com-
posite particle dispersion in which the upconversion intensity
is increased.

FIG. 6 is a view to explain the composite particle disper-
sion 60 of the present invention. In FIG. 6, to the same
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structure as those in the composite particle dispersion 30
shown in FIG. 3, the same reference numerals as those used in
FIG. 3 are given and the explanation thereof are arbitrarily
omitted.

The composite particle dispersion 60 shown in FIG. 6
includes the composite particle dispersion 30 and a metal
member 61 which is arranged so as to be in contact with the
supporting material 31. According to the composite particle
dispersion 60 configured as above, it is possible to increase
the intensity of the light to be absorbed by the semiconductor
member 12, 12, . . . of the composite particle 10, 10, . . .
existing close to the metal member (for example, a distance
from the metal member 61 of approximately no more than
100 nm). By increasing the intensity of the light to be
absorbed by the semiconductor member 12 as described
above, it becomes possible to increase the intensity of the
energy to transfer to the core member 11, whereby it becomes
possible to increase the upconversion intensity by the activa-
tor 11a, 11a, . . . . Therefore, according to the composite
particle dispersion 60 including the metal member 61
arranged so as to be in contact with the supporting material
31, it is possible to increase the upconversion intensity in the
composite particle 10, 10, . . . existing close to the metal
member 61.

In the above explanation regarding the composite particle
dispersion of the present invention prepared with the metal
member 61, a configuration in which the composite particle
dispersion 30 is used together with the metal member 61 is
exemplified. However, the composite particle dispersion of
the present invention including the metal member arranged so
as to be in contact with the supporting material is not limited
to this configuration. The composite particle dispersion used
together with the metal material may be the above composite
particle dispersion 40, may be the above composite particle
dispersion 50, or may be a composite particle dispersion
having a configuration in which the composite particle of the
present invention, a quantum dot configured in the same
manner as in the composite particle of the present invention
except that it does not include the core member, and the metal
fine particle are dispersed in the supporting material. Even if
each of the composite particle dispersions having these con-
figurations is used with the metal member, it becomes pos-
sible to increase the upconversion intensity in the composite
particle existing close to the metal member.

3. Photovoltaic Device

FIG. 7 is a view to explain a photovoltaic device 100 of the
present invention. In FIG. 7, to the same structure as those in
the composite particle dispersion 30 shown in FIG. 3, the
same reference numerals as those used in FIG. 3 are given and
the explanation thereof is arbitrarily omitted. In FIG. 7, the
upper side of the plane of paper is the upstream side of a light
propagation direction of the incident light.

The photovoltaic device 100 shown in FIG. 7 includes a
first electrode 101, a photovoltaic conversion member 102, a
second electrode 103, a transparent resin layer 104, a trans-
parent glass layer 105, the composite particle dispersion 30,
and a light reflecting member 106 that are arranged in the
order mentioned from the upstream side of the light propa-
gation direction. The first electrode 101 and the second elec-
trode 103 that are in contact with the photovoltaic conversion
member 102 are comb-shaped electrodes, for the purpose of
enabling light to enter the photovoltaic conversion member
102 and the composite particle dispersion 30, and are config-
ured by a known electroconductive material. The photovol-
taic conversion member 102 includes an n layer 102a, an
layer 1025, and a p layer 102¢ in the order mentioned from the
top. The electricity generated by these layers absorbing light
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is taken outside via the first electrode 101 and the second
electrode 103. The transparent resin layer 104 is provided in
order to reduce unevenness of the surface on a composite
particle dispersion 30 side of the p layer 102¢, the unevenness
being to be formed by the second electrode 103 arranged. The
transparent glass layer 105 arranged on the upper side of the
composite particle dispersion 30 is connected to the p layer
102¢ and the second electrode 103, via the transparent resin
layer 104. The transparent glass layer 105 is provided: (1) in
order to increase the mechanical strength; (2) as a substrate in
manufacturing a battery to be arranged on the upper side; and
(3) as a substrate in forming the composite particle dispersion
30. The composite particle dispersion 30 and the light reflect-
ing member 106 which reflects the light progressing from the
upper side of the plane of paper to the lower side of the plane
of paper, to the upper side of the plane of paper are provided
on a lower side of the transparent glass layer 105.

When light enters the photovoltaic device 100, light having
energy same as or more than the band gap of the semiconduc-
tor material configuring the photovoltaic conversion member
102 is absorbed by the photovoltaic conversion member 102
and converted to electricity. Light having energy smaller than
the band gap of the semiconductor material configuring the
photovoltaic conversion member 102 is not used for photo-
voltaic conversion in the photovoltaic conversion member
102; the light passes through the photovoltaic conversion
member 102, the transparent resin layer 104, and the trans-
parent glass layer 105, and enters the composite particle
dispersion 30. As described above, the upconversion effi-
ciency of the composite particle dispersion 30 is improved
and whereby the composite particle dispersion 30 can create
light having energy which can be used for the photovoltaic
conversion in the photovoltaic conversion member 102, from
the incident light having a low energy. The light created in the
composite particle dispersion 30 goes in various directions.
Among the light created in the composite particle dispersion
30, the light which goes to the upper side of the plane of paper
passes through the transparent glass layer 105 and the trans-
parent resin layer 104, and enters the photovoltaic conversion
member 102, whereby it is used for the photovoltaic conver-
sion in the photovoltaic conversion member 102. In contrast,
the light which goes to the lower side of the plane of paper is
reflected toward the upper side of the plane of paper by the
light reflecting member 106, then it passes through the com-
posite particle dispersion 30, the transparent glass layer 105,
and the transparent resin layer 104, and enters the photovol-
taic conversion member 102, whereby it is used for the pho-
tovoltaic conversion in the photovoltaic conversion member
102.

According to the photovoltaic conversion device 100
including the composite particle dispersion 30, the light of a
band which is not used for the photovoltaic conversion in the
photovoltaic conversion member 102 in nature is converted to
light of a band which can be used for the photovoltaic con-
version in the photovoltaic conversion member 102, by
means of the composite particle dispersion 30. The converted
light enters the photovoltaic conversion member 102, thereby
being converted to electricity. Since the composite particle
dispersion 30 can increase the light of the band which can be
used for photovoltaic conversion as described above, accord-
ing to the photovoltaic device 100, it is possible to improve
power generation efficiency.

Inthe photovoltaic device 100, in order for the photovoltaic
conversion member 102 to absorb not only the incident light
from the upper side of the plane of paper, but also the incident
light from the composite particle dispersion 30 side, the pho-
tovoltaic conversion member 102 needs to be double-sided
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light receiving type. The photovoltaic conversion member
102 having such a configuration can be made of a known
substance which can absorb the light generated in the com-
posite particle dispersion 30 and convert the light to electric-
ity. For the photovoltaic conversion member 102, for example
a known double-sided light receiving type photovoltaic con-
version device which can take out electricity generated by
irradiating light, such as single crystal Si, amorphous Si,
CIGS, organic solar cells, dye sensitized solar cells, com-
pound solar cells can be adequately used. More specifically, a
photovoltaic conversion device made by: peeling the sub-
strate from a known configuration such as single crystal Si,
HIT solar cell, and compound solar cells; thereafter forming
an electrode on the surface where the substrate is pecled off
(peeling off type) and the like can be used. A photovoltaic
device in which a solar cell is formed by a known method on
atransparent glass (formed on a glass) can also be used. When
the peeling off type is used, the composite particle dispersion
30 is formed on the transparent glass layer 105, and the cell is
attached to the opposite side of the transparent glass layer
105. When the device in which a solar cell is formed on a
glass, the composite particle dispersion 30 can be formed on
the opposite side of the transparent glass layer 105. In the
photovoltaic device 100, in view of making it easy to improve
the power generation efficiency and the like, it is preferable
that a semiconductor material having a band gap energy of
approximately no less than 1.5 eV and no more than 2.4 eV is
used for the photovoltaic conversion member 102. The pho-
tovoltaic conversion member 102 configured as above can be
produced by a known method.

Also, for the transparent resin layer 104, a known transpar-
ent resin which can be used for a solar cell and can bond the
p layer 102¢ and the second electrode 103 to the transparent
layer 105 can be adequately used. Examples of such a trans-
parent resin include polyvinyl alcohol (PVA), polystyrene,
acrylic resin and the like.

Also, for the transparent glass layer 105, a known trans-
parent glass which can be used for a solar cell can be
adequately used.

For the light reflecting member 106, a known reflecting
material which can reflect the light which comes from the
composite particle dispersion 30 side, to the composite par-
ticle dispersion 30 side can be adequately used. The light
reflecting member 106 can be configured by a known material
and its shape is not particularly limited.

FIG. 8 is a view to explain a photovoltaic conversion device
200 of the present invention. In FIG. 8, to the same structure
as those in the photovoltaic conversion device 100 shown in
FIG. 7, the same reference numerals as those used in FIG. 7
are given and the explanation thereof'is arbitrarily omitted. In
FIG. 8, the upper side of the plane of paper is the upstream
side of the light propagation direction of the incident light.

The photovoltaic conversion device 200 shown in FIG. 8 is
configured in the same manner as the photovoltaic conversion
device 100 except that the composite particle dispersion 60 is
used instead of the composite particle dispersion 30 and the
light reflecting member 106. The metal material 61 of the
composite particle dispersion 60 has a function of reflecting
the light going from the upper side to the lower side of the
plane of paper, to the upper side of the plane of paper. There-
fore, among the light generated in the composite particle
dispersion 60, the light going to the lower side of the plane of
paper can enter the photovoltaic conversion member 102 by
being reflected by the metal material 61, thereby being con-
verted to electricity in the photovoltaic conversion member
102.
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Since the composite particle dispersion 60 includes the
metal member 61 as described above, it is possible to increase
the upconversion intensity in the composite particle 10,
10, . . . by the effect of the surface plasmon resonance. That is,
according to the photovoltaic device 200, it is possible to
generate the light whose intensity is increased from the com-
posite particle dispersion 60, whereby it is possible to make
the light enter the photovoltaic conversion member 102. By
increasing the intensity of the incident light, it becomes pos-
sible to improve the conversion efficiency. Therefore, accord-
ing to the photovoltaic device 200, it is possible to improve
the conversion efficiency.

DESCRIPTION OF THE REFERENCE
NUMERALS

10 composite particle

11 core member

11a activator (rare earth ion which shows upconversion
effect)

115 retaining material

12 semiconductor member

13 shell member

20 ligand

30, 40, 50, 60 composite particle dispersion (wavelength
conversion member)

31 supporting material

41 quantum dot

51 metal fine particle

61 metal material

100, 200 photovoltaic conversion device

101 first electrode

102 photovoltaic conversion member

102a n layer

1026 i layer

102¢ p layer

103 second electrode

104 transparent resin layer

105 transparent glass layer

106 light reflecting member

The invention claimed is:

1. A composite particle comprising:

acore member comprising: a rare earth ion which shows an
upconversion effect; and a retaining material which
retains the rare earth ion; and

a semiconductor member covering a part or all of the
surface of the core member,

wherein the retaining material comprises a semiconductor
material having a band gap greater than energy differ-
ence necessary for a second step excitation in the rare
earth ion to occur, or an insulating material; and

the semiconductor member comprises a semiconductor
material having a band gap smaller than energy differ-
ence between a first excited state and a ground state of
the rare earth ion.

2. The composite particle according to claim 1,

wherein a part or all of the surface of the semiconductor
member is covered by a semiconductor material having
aband gap greater than the band gap of the semiconduc-
tor material comprised in the semiconductor member, or
by an insulating material.

3. The composite particle according to claim 1, wherein

X/¥=1/100

wherein X is amount of the rare earth ion comprised in the
core member by mole, and Y is amount of the semiconductor
material comprised in the semiconductor member by mole.
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4. The composite particle according to claim 1,
wherein the core member comprises Er ion as the rare earth
ion.
5. The composite particle according to claim 4,

wherein the core member and/or the semiconductor mem-
ber comprises Yb ion.

6. A composite particle dispersion comprising:

a supporting material; and

the composite particle according to claim 1,

wherein the surface of the composite particle is modified
by a ligand; and

the composite particle is dispersed in the supporting mate-
rial and is supported by the supporting material.

7. The composite particle dispersion according to claim 6,
further comprising:

a quantum dot dispersed in the supporting material,

wherein the quantum dot does not comprise the rare earth
ion which shows upconversion effect.

8. The composite particle dispersion according to claim 6,
further comprising:

a metal fine particle dispersed in the supporting material.

10

15

20

20

9. The composite particle dispersion according to claim 6,
further comprising:

a metal member in contact with the surface of the support-
ing material.

10. A photovoltaic device comprising:

a photoelectric conversion member which converts light
energy to electricity;

a wavelength conversion member comprising the compos-
ite particle dispersion according to claim 6; and

a light reflecting member,

wherein the photoelectric conversion member, the wave-
length conversion member, and the light reflecting mem-
ber are arranged in the order mentioned from the
upstream side of a light propagation direction.

11. A photovoltaic device comprising:

a photoelectric conversion member which converts light
energy to electricity; and

a wavelength conversion member comprising the compos-
ite particle dispersion according to claim 9,

wherein the photoelectric conversion member and the
wavelength conversion member are arranged in the
order mentioned from the upstream side of a light propa-
gation direction; and

the supporting material is arranged between the metal
member and the photoelectric conversion member.

#* #* #* #* #*



